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[57] ' ABSTRACT 

A method is described for the preparation of high sur 
face area metal ?uorides and metal oxy?uorides com 
prising reacting high surface area metal oxides with a 
?uorocarbon vapor wherein the ?uorocarbon is se 
lected from the group consisting of CH4_QFQ wherein 
Q is l to 3 and totally or partially ?uorinated C2-C6 
alkanes, alkenes and alkynes and C5-C6 cyclic alkanes, 
preferably ?uoroform (CI-TF3) wherein the metal oxides 
and the ?uorocarbon vapors are contacted at a tempera 
ture of from about 300° to about 800° C., for a time 
suf?cient to effect the essentially complete conversion 
of the metal oxides into metal ?uorides or the partial 
conversion of the metal oxides into metal oxy?uorides. 
The metal oxides converted into metal fluorides may be 
selected from the group consisting of the oxides of so 
dium, potassium, lithium, cesium, magnesium, calcium, 
barium, strontium, tin, antimony, bismuth, titanium, 
zirconium, vanadium, chromium, manganese, iron, co 
balt, rhodium, mercury, nickel, copper, silver, zinc, 
cadmium, lead, uranium, europium, indium, lutetium, 
neodymium, thallium and mixtures thereof. The metal 
oxides converted into metal oxyfluorides may be se 
lected from the group recited above and further include 
silicon, niobium, hafnium, tantalum, molybdenum, tung 
sten, technetium, rhenium, osmium, iridium, lanthanum 
and ruthenium. The above metal oxides may also be 
utilized in combination with alumina and silica. The 
?uorocarbon partial pressure in the treatment vapor 
may be in the range of from about 0.001 to about 100 
atmosphere. By the practice of the instant invention 
high surface area metal ?uoride extrudates are prepared 
by the conversion of metal oxide extrudate, particularly 
aluminum ?uoride extrudates from alumina extrudates. 

16 Claims, 1 Drawing Figure 
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FIGURE 1 
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PREPARATION OF HIGH SURFACE AREA 
METAL FLUORIDES AND METAL 

OXYFLUORIDES, ESPECIALLY ALUMINUM 
FLUORIDE EXTRUDATES 

This is a division of application Ser. No. 869,776, ?led 
Jan. 16, 1978, now US. Pat. No. 4,275,046. 

DESCRIPTION OF THE INVENTION 

A process is described for the preparation of high 
surface area metal ?uorides comprising reacting high 
surface area metal ‘oxides selected from the group con 
sisting of the oxides of magnesium, sodium, potassium, 
lithium, cesium, calcium, bariumjstrontium, tin, anti 
mony, bismuth, titanium, zirconium, vanadium, chro 
mium, manganese, iron,‘ cobaltj rhodium, mercury, 
nickel, copper, silver, zinc, lead, cadmium, uranium, 
europium, indium, lutetium, neodymium, thallium and 
mixtures thereof, preferably titanium, magnesium, ura 
nium, nickel, cobalt and zirconium, more preferably 
titanium, magnesium and uranium, most preferably tita 
nium with a ?uorocarbon vapor wherein the ?uorocar-' 
bon is selected from the group consisting of CH4_QFQ 
wherein Q is 1-3 and totally or partially‘ ?uorinated 
C2-C6 alkanes, alkenes and alkynes and C5-C6 cyclic 
alkanes, preferably ?uoroform and straight and branch 
chain C2-C6 ?uorocarbons of the general formula: 

CAHZA+Z—BFB ’ 

wherein A is an integer ranging from 2 to 6 inclusive, 
preferably 2 to 3, and B is an integer, ranging from 1 to 
14 and cyclic ?uorocarbons of the'forrnula: 

wherein X is 5 or 6 and C is an integer ranging from 1' 
to 12, most preferably ?uoroform (CHF3) wherein the‘ 
metal oxides and the ?uorocarbons are ‘contacted at a 
temperature of from about 300° to about 800° C., prefer 
ably about 300" to about 600° C., most preferably about 
350 ° to about 550° C., at a ?uorocarbon partial pressure 
of from about 0.001 to about 100 atmosphere, preferably 
about 0.01 to-about l0 atmospheres, most preferably 
about 0.1 to about 1 atmosphere, for a time sufficient to 
effect the desired level of conversion of the metal oxide 
into metal fluoride. Alternatively, the metal oxide re 
cited above may be used in combination with alumina 
or silica to give, for example, metal ?uoride-aluminum 
?uoride mixtures. An inert diluent gas such as hydro 
gen, helium, nitrogen or argon can be used. When liquid 
fluorocarbons are used as the source of ?uorine, the 
inert gas may be bubbled through the ?uorocarbon 
liquid resulting in the formation of a fluorocarbon va 
por-inert gas mixture which is contacted with the sub 
ject metal oxide. 

Materials exhibiting the essential complete conver 
sion of the metal oxide into metal ?uorides can be ob 
tained by the practice of the instant invention. It is also 
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possible to obtain materials exhibiting lower levels of 60 
conversion when such are desired. Such metal oxy?uo 
rides are prepared from the metal oxides recited above 
and further include the oxides of silicon, niobium, haf 
nium, tantalum,‘ molybdenum, tungsten, technetium, 
rhenium, osmium, iridium, lanthanum and ruthenium. 

It has also been discovered that by the practice of the 
instant invention materials such as AlF3 extrudates hav 
ing high surface area and high purity are fabricated 
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2 
from Al2O3 extrudates. The AlF3 extrudates unexpect 
edly retain the con?guration, dimensions, and strength 
of the A1203 extrudate starting material. AIF; prepared 
by prior art methods and available commercially is a 
line powder which cannot be extruded or pelletized and 
consequently cannot be used in commercial catalytic 
units requiring such configurations and structural 
strength. Commercially available AlF3 is also charac 
terized by very low BET surface areas, normally less 
than about 5 mZ/gm. By way of contrast, the AlF3 
extrudates prepared by the instant process possesses 
surface area ranging from 10 to 50 mZ/gm. The instant 
invention prepared AlF3 extrudates are obtained in very 
high purity (greater than 95%). The AlF3 extrudates 
and the other metal ?uorides and mixed metal ?uorides 
prepared by the process of the instant invention can be 
used in solid acid catalyzed hydrocarbon conversion 
processes with or without the presence of an added 

1 metal component. The high surface area AlF3 in extrud 
ate form (by conversion of A1203 extrudates) and other 
metal ?uorides prepared by the conversion of the corre 
sponding metal oxide or mixed metal oxide can be used 
as a support for a variety of added metals (Groups V, 
V_I_,"VII, VIII and IB) and would have application in 
numerous catalytic hydrocarbon conversion processes. 

BACKGROUND OF THE INVENTION 

As an article of commerce anhydrous AlF3 is a white 
crystalline solid which sublimes at 1290° C./ 760 mm. It 
is most conveniently prepared by ?uoriding A1203 with 
gaseous or aqueous HF (l) 

or‘by allowing an aluminum hydrate to react with am 
monium bi?uoride (2) 

'Al(OH)3+3NH4HFZQAIF3+3NH4F+3HZO (2) 

in solution or in the solid state. The reactions summa 
rized in equations 1 and 2 are normally conducted at 
temperatures of about 600° C. and higher. The anhy 
drous AlF3 thus produced is typically in the form of a 
very ?ne powder. Detailed discussions of the common 
commercial methods of AlF3 preparation may be found 
in either Kirk-Othner Encyclopedia of Chemical Technol 
ogy, Second Edition, Vol. 9, Wiley, New York, pgs. 
527-547; or G. N. Kannan, Indian Chem. J. 4, 22, 1969. 
Commercially available AlF3 ranges from 60-90% 
AlF3, the major impurities being H2O, A1103 and mixed 
aluminum hydroxy?uorides. Commercially _ available 
AlF3 is of limited value in catalytic operations since the 
?ne powder cannot be satisfactorily compacted or ex 
truded into self-supporting pellets. Also in many cata 
lytic applications unreacted A1203 cannot be tolerated. 

THE INVENTION 

High surface area metal ?uorides of the formula MFy 
wherein M is a metal selected from the group consisting 
of magnesium, sodium, potassium, lithium, cesium, cal 
cium, barium, strontium, tin, antimony, bismuth, tita 
nium, zirconium, vanadium, chromium, manganese, 
iron, cobalt, rhodium, mercury, nickel, copper, silver, 
zinc, cadmium, lead, uranium, europium, indium, lute 
tium, neodymium, thallium and mixtures thereof, pref 
erably, titanium, magnesium, uranium, nickel, cobalt 
and zirconium most preferably titanium, magnesium 



4,402,924 
3 

and uranium and y is a number satisfying the valence 
requirements of the metal, are prepared by reacting a 
metal oxide selected from the group consisting of the 
oxides of the metals recited above with a ?uorocarbon 
vapor wherein the ?uorocarbon is selected from the 
group consisting of CH4_QFQ wherein Q is l-3 and 
totally and partially ?uorinated C2-C6 alkanes, alkenes 
and alkynes and C5-C6 cyclic alkanes, preferably 
?uoroform and straight and branch chain, C1-C6 ?uoro 
carbons of the general formula: 

wherein A is an integer ranging from 2 to 6 inclusive, 
preferably 2 to 3, and B is an integer ranging from 1 to 
14 inclusive and cyclic ?uorocarbons of the formula: 

wherein X is 5 or 6 and C is l to l2, most preferably 
?uoroform wherein the metal oxides and the ?uorocar 
bon vapor are contacted at a temperature of from about 
300° to about 800° C., preferably from about 300° to 
about 600° C., most preferably from about 350° to 550° 
C. for a time sufficient to effect the essentially complete 
conversion of the metal oxide into metal ?uoride. Metal 
oxy?uorides of the formula MOZFZ-_y wherein M is a 
metal selected from the group enumerated above and 
further including silicon, niobium, tantalum, molybde 
num, tungsten, technetium, ruthenium, iridium, haf 
nium, rhenium, osmium and lanthanum, preferably tita 
nium, magnesium, uranium, tantalum, tungsten, nickel, 
cobalt and molybdenum, most preferably titanium, 
magnesium, uranium and tungsten, z is a number satisfy 
ing the valence requirements of the metal and y is a 
number satisfying the valence requirements of the metal 
are prepared as described above, the contacting of the 
selected metal oxide with a fluorocarbon source as re 
cited above being conducted at a temperature as stated 
above for a time sufficient to effect the partial conver 
sion of the metal oxide into the metal oxyfluoride. Al 
ternatively, the enumerated metal oxides may be mixed 
with added alumina or silica yielding for example, a 
metal ?uoride-aluminum ?uoride or metal oxyfluoride 
aluminum oxy?uoride-mixture. The ?uorocarbon 
vapor partial pressure may be in the range of from about 
0.001 to about 100 atmospheres, preferably about 0.01 to 
about 10 atmospheres, most preferably about 0.1 to 
about 1 atmospheres. 

In one embodiment of the instant invention, high 
surface area AlF; extrudates are prepared by contacting 
high surface area A1203 extrudates with a fluorocarbon 
vapor wherein the fluorocarbon is selected from the 
group consisting of CH4_QFQ wherein Q is 1-3 and 
fully and partially ?uorinated C2-C6 alkanes. alkenes 
and alkynes and C5-C6 alkanes, preferably fluoroform 

. and straight or branch chain ?uorocarbons of the for 
mula: ' 

CAHZA +2425; 
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wherein A is an integer ranging from 2 to 6 inclusive, 
preferably 2 to 3, and B is an integer ranging from 1 to 
14 inclusive and cyclic ?uorocarbons of the formula: 

wherein X is 5 or 6 and C is l to 12, most preferably 
?uoroform (CHF3), wherein the A1203 extrudate and 
the fluorocarbons are contacted at a temperature of 
from about 300° to about 800° C., preferably about 300° 
to about 600° C. most preferably about 350° to about 
550° C., at a fluorocarbon partial pressure of from 0.001 
to 100 atmosphere, preferably 0.01 to 10 atmospheres, 
most preferably 0.1 to 1.0 atmosphere for a time suffi 
cient to effect the essentially complete conversion of the 
A1203 into AlF3. A diluent such as hydrogen He, N; or 
Ar can be used. When a liquid fluorocarbon is used as 
the source of ?uorine, the inert gas is bubbled through 
the fluorocarbon liquid resulting in formation of a ?uo 
rocarbon vapor-inert gas mixture which is contacted 
with the alumina extrudate. Essentially, 100% AIF; 
extrudates are useful and unique as supports for catalyti 
cally active metals, for example, as supports for plati 
num and palladium. The specific benzene hydrogena 
tion activities of Pt/AlF3 and Pd/AlF3 catalysts have 
been found to be comparable to those exhibited by the 
metals supported on A1203 or SiO2. 

EXPERIMENTS 

Materials 

An 1/6 inch 'y-AlzO3 extrudate with a BET surface 
area of 178 was employed. Tri?uoromethane (HCF3) 
and tetra?uoromethane (CF4) were used as supplied by 
the Matheson Gas Company. Hydrogen (Linde) was 
passed through a Deoxo unit and a molecular sieve drier 
prior to use. Helium (Bureau of Mines) was dried by 
passage through a molecular sieve drier. Aluminum 
fluoride samples were obtained from commercial 
sources. 

Preparation of Aluminum Fluoride 

The fluoridation of 'y-Al2O3 with HCF3 takes place 
readily at temperatures above 350. The non-toxic and 
noncorrosive nature of HCF3 makes this ?ucriding 
technique very attractive from the point of view of 
convenience and safety. The formation of AIF; (rho 
mohedral form) from 'y-Al2O3 is consistent with equa 
tion (3). 

'y-Al203+2HCF3~>2A1F3+2CO+H¢O (3) 

The free energy of formation of AIF; according to 
equation (3) is favorable by 1 ll kcal/mole. The reaction 
goes essentially to completion and is not greatly re 
tarded at increasing conversion levels. HCF3 utilization 
at temperatures above 450° C. is very nearly stoichio 
metric. The nearly stoichiometric ?uoridation of y 
Al2O3 with HCF3 at 450°~500° C. and at CHF3 partial 

6O pressures of 0.33 atm to 011 atm is clearly illustrated in 
Table I. 

TABLE I 

FLUORIDATION OF 'y-Al2O3 WITH HCF3(”) 
HCFJU’) Time Wt. Gm Wt. Gm % AIF3 BET“) 

N0. (cc/min) T °C. (Hr) (Theoretical) (Found) (Theoretical) (ml/gm) 

l Starting 'y-AlZOJ 178 
2 25 497 0. I25 20.3 20.3 3.46 175 
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TABLE I-continued 

FLUORIDATION OF 'y-AlgOg WITH HCF3(“) 
HCF3(b) Time Wt. Gm Wt. Gm % AlF3 BET“) 

No. ‘ (cc/min) T "C; (Hr) (Theoretical) (Found) (Theoretical) (mz/gm) 

3 25 499 0.25 20.5 20.5 6.86 171 
4 50 503 0.25 21.1 20.9. 13.3 165 
5 50 498 0.50 22.2 21.6 ' 25.4 146 

6 50 450 v 0.50 22.2 22.1 25.4 144 
' 7 V 50 504 0.75 22.8 22.8 36.2 135 

8 50 504 1.00 24.4 24.3 46.1 96 
9 50 501 1.50 26.6 26.2 63.5 79 
1O 50 501 2.00 28.8 27.9 78.2 47 
ll 50 501, 3.00 32.9 31.7 100 8.7 
12 100 504 1.50 32.9 31.6 100 8.9 

(‘020.0 gm ofdry 'y-AIZO3 extrudale was employed in each ?uoridation experiment. The 'Y-AI203 extrudates were 
prereduced (20% HZ/Hc, 500 cc/min) at 500' C. prior to ?uoridation. 
(MZOO'Qc/niin of helium was employed as diluent in each ?uoridation experiment. 1.0 mm total pressure 
(‘)surl'ace areas were determined by the nitrogen BET method. 

To further illustrate the method of the instant inven 
tion consider the following general procedure. 20 

In a typical quartz tube furnace preparation of AIF 3 . 
100 gm of 'y-Al2O3 extrudate was allowed to react with 
40% HCF3/He (500 cc/min, 1.0 atm) at 500° C. for 5.0 
hours. A yield of 158 gm (165 gm theoretical yield) of 
AlF3 extrudate was obtained. The progress of the reac 
tion was conveniently monitored by visually following 
the evolution of H20 vapor. Completion of the reaction 
was signalled by an abrupt cessation of H20 vapor. No 
equipment corrosion problems were encountered. Cau 
tion should be exercised, however, as the exit gases may 
contain small quantities of HF or ?uorine. The HCF3 
treatment gas is non-toxic. 
Tetra?uoromethane (CF4) was found to be ineffec 

tive in bulk ?uoriding A1203 at temperatures as high as 
600° C. Even in the presence of metals and/or oxygen 

25 

35 
no bulk ?uoridation of A1203 occurred at 600°C‘. using ‘ 
CF4. Thus, when using ?uoromethanes at least one 
reactive hydrogen must be initially present in the mole 
cule. . 

The preferred ?uorocarbons for the ?uorination of 
A1203 extrudates, are selected from the group consist 
ing of CH4_QFQ wherein Q is l-3 and straight and 
branch chain ?uorocarbons having the general formula 

CAHZA + 2 - EFB 

wherein A is an integer ranging from 2 to 6 inclusive 
and B is an integer ranging from 1 to 14 cyclic ?uoro 
carbons of the formula . 

wherein X is 5 or 6 and C is l to 12. The most preferred 
?uorocarbon, however, is HCF3. 
A typical HCF3 prepared AlF3 sample (22.4 m2/ gm) 

was subjected to a TGA study in an attempt to deter 
mine the exact extent of ?uoridation. A 95.1 mg sample 
was found to lose 89.4 mg between l000°~l200° under a 
heliumpurge (40 cc/min, 1.0 atm). The weight loss was 
due tov the sublimation of AlF3. The nonsublimable 
material was determined from an x-ray powder diffrac 
tion pattern to be ct-Al2O3. From the weight of the 
recovered a-Al2O3 the concentration‘ of AlF3 in a typi 
cal HCF3 prepared AlF3 is near 95%. The high purity of 
the CHF3 prepared AlF3 is in contrast to commercially 
available aluminum ?uorides which assay between 
60—90% AlF3. The major impurities present in commer 
cial AlFg are H2O, A1203 and mixed hydroxy?uorides. 
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Such materials are not desired in numerous catalytic 
applications. 

Physical and Chemical Properties of Aluminum 
Fluoride Physical Form of CHF3 prepared AlF3 
Unexpectedly the ?uoridation of an extruded 'y 

Al2O3 with HCF3 yield AlF3 in the form of an extrud 
ate. The crush strength of the AlF3 extrudate was found 
to be comparable with that of starting 'y-Al2O3 extrud 
ates. This result is very signi?cant since AlF3 powders 
cannot be compacted or extruded into self-supporting 
pellets without the addition of a binder. The addition of 
binders is to be avoided in numerous catalytic applica~ 
tions of AlF3. 
The 'y-Al2O3 extrudates have average dimensions of 

0.073"><0.4" (nominally l/ 16" extrudate). Since the 
AlF3 products were found to have average dimensions"v 
of 0.07l”>’<0l4" no change in super?cial extrudate vol 
ume occurred during ?uoridation. This is surprising 
because the crystal density of AlF3 is less than that of 
y-Al2O3, 3.2 and 3.7 gm/cc, respectively, and also be 
cause twice as many ?uoride ions as oxide ions‘are 
required to complete the AlF3 crystal lattice. The reten 
tion of the 'y-Al2O3extruclate volume upon ?uoridation 
can be accounted for by the following. The relationship 
between super?cial extrudate, crystal and pore volumes 
is given by equation (4). 

super?cial extrudate volume=crystal volume+pore 
volume (4) 

The crystal volume is calculated from the weight of a 
given extrudate particle and the known crystal density 
of the extrudate material. An apparent pore volume is 
then obtained in a straight forward calculation. The 
average pore volume of a y-Al2O3 (178 mZ/gm) was 
calculated to be 0.64i0.04 00/ gm. This value is in rea 
sonable agreement with the H20 wettability (0.65 
cc/gm) and N2 isotherm pore volume (0.51 00/ gm) of 
this particular 'y-Al2O3. The average pore volume of a 
series of HCF3 prepared AlF3 extrudates (3.74 to 49.7 
mZ/gm) was calculated to be 0.29:0.03 cc/gm. The 
calculated pore volume agrees very well with the H20 
wettability (0.3 00/ gm) exhibited by these AlF3 extrud 
ates. Thus the apparent pore volume of 'y-Al2O3 is re 
duced to about 50% of its original value upon ?uorida 
tion. The loss in pore volume results from ?uoride ions 
occupying voids in the A1203 crystal lattice. Since the 
crystal volume occupied by ?uoride ions is set by the 
conversion level, the above analysis indicates that the 
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pore volume of AIF; can be systematically varied by 
utilizing aluminas with different starting pore volumes. 

Surface Area 

The effect of various reaction conditions on the sur 
face area (nitrogen BET) of HCF3 prepared AIF3 is 
summarized in Tables IIA and IIB. The surface area of 
AIF; was found to decrease substantially upon increas 
ing the ?uoriding temperature from 400° to 500° C. 
while maintaining the space velocity of the treatment 
gas constant (Table IIA). Longer reaction times and/or 
higher concentrations of I-ICF; at a given temperature 
also produced lower surface area AlF3. The drop in 
surface area appears to parallel increasing AlF3 content 
(Table IIB). This effect is also clearly demonstrated by 
the data in Table I. 

TABLE IIA 

5 

b. 0 

8 
A commercial AlF3 powder assayed at 61% AIF3. 

The bulk of the remaining material is H2O. The com 
mercial sample reported in Table IIA (3.25 mZ/gm) was 
calcined at 650° C. for 5.0 hours under 20% OZ/He (500 
cc/min) prior to the standard BET surface area mea 
surement. The calcined sample was shown by an x-ray 
diffracton measurement to be essentially rhombohedral 
AlF3. Calcining the commercial AlF3°XH2O product 
at 550° C. for 5.0 hours yielded a rhombohedral AlF3 
which was badly contaminated with an AIFL96(OH)LO4 
phase. The presence of unreacted A1203 is undesirable 
in many catalytic applications of MP3. 
The HCF3 prepared AIF3 products listed in Table 

IIA were all found to exhibit an x-ray powder diffrac 
tion pattern consistent with that reported for rhombo 
hedral AlF3. The major diffraction lines of rhombohe 

THE EFFECT OF REACTION CONDITIONS ON THE 
SURFACE AREA AND PORE VOLUME OF AIF3 
PREPARED BY FLUORIDING ’Y~AI203 WITI'I I‘ICF'; 

Pore Volumeu’) t Minimum (%) Surface Area“) 
T °c. % HCF3/Hem (Hr) A1F3 (ml/gm) (cc/gm) 

Starting 'y-Al2O3(") 178 0.513 
350 . 1.0 No Apparent Reaction 
400 20 3.0 90“) 49.7 0.232 
450 20 2.0 90"’) 32.9 0.198 
450 20 2.5 95“) 22.4 0.171 
500 20 2.5 95(0) 25.4 0.135 
500 20 2.5 95“) 21.5 0.177 
500 40 5.0 99“) 3.74 0.050 

Aqueous HF Treated A1103 ~100w 11.8 
Aqueous HF Treated A1103 ~100Ul 6.9 
Aqueous HF Treated A1103 96V) 1.2 
Aqueous HF Treated A1203 900’) 3.25 
Gaseous HF Treated A1203 94V) 10 
Gaseous I-IF Treated AIZO3 86w 22 
Gaseous I-IF Treated AI2O3 70m 63 
Aqueous NH4F Treated A1203 71.40) 45 
M500 cc/min.. l.0 arm. total pressure. 
mNitt-ogen BET method. 
(“Commercial 'Y-AIZOJ 
M’Minimum AIF; content established by x-ray diffraction measurements. Commercial sample of AIF_] 
“)AIFJ content determined by TGA measurements. 
wLiterature values 

TABLE IIB 
SURFACE AREA AND FORE VOLUME OF A 
SERIES OF HCF3 FLUORINATED ALUMINAS 

Surface Area Pore Volume 
Fluoriding Agent % AIF3 (mZ/gm) (cc/gm) 

I'ICFJ 0 178 0.513 
I-ICF3 3.46 175 
I-ICF3 6.86 171 
HCF3 13.3 165 0.526 
HCF3 25.4 146 0.479 
I-ICF; 36.2 I35 
HCF3 46.1 95.7 
I‘ICF; 63.5 79.0 
HCF; 78.2 47.1 
I-ICF3 90 49.7 0.232 
HCFJ 95 22.4 0.I7l 
I-ICF3 I00 8.88 0.050 

‘ Aqueous NH4FI”) 24.6 51 
Aqueous NH4F‘”) 58.5 43 
Gaseous HF“) 94 10 
Aqueous HF(") 96 1.2 
Aqueous HFU’) 95 3.25 

(“Literature values. 
(“Commercial AIF] sample. 

The CHF3 prepared AlF3—Al2O3 samples generally 
exhibit higher surface areas than those prepared by 
fluoriding Al2O3 with either HF or NH4F. This is espe 
cially apparent in the intermediate (25-75%) AIF3 con 
tent range. (See Tables I and IIB). 
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dral AIF3 are summarized in Table III. Only the highest 
surface area AIF3 (49.7 mz/gm) product exhibited dis 
cernible weak background diffraction lines from unre 
acted A1203. Addition of incremental amounts of 71 
A1203 to a high purity AlF3 has set the minimum x-ray 
detectable A1203 in AIF3 concentration to be between 5 
and 10 wt. %. The minimum AIF; content of the HCF3 
prepared samples summarized in Table IIA is estimated 
from x-ray data to be at least 90 wt. %. 

Additional AlF3 surface area data abstracted from the 
literature is presented in Tables IIA and HE for com 
parative purposes. Within the 90% and higher AIF3 
concentration range the HCF3 prepared samples exhibit 
higher surface areas than those prepared by fluoriding 
A1203 with either aqueous or gaseous I-IF or NH4F. 

TABLE III 

MAJOR X-RAY DIFFRACTION LlNES OF 
ALUMINUM FLUORIDEV‘) 

d, 3th) 101 d, A“) 
3.52 100 3.55 
2.1 l9 l9 2.12 
1.759 24 1.705 
1.587 14 1.585 
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TABLE III-continued 
MAJOR X-RAY DlFFRACTlON LINES OF 

ALUMINUM FLUORIDEW 
d, All’) 1"’) 
1.560 - 7 

@Rhombohedral AlF3. 
Literature values. , 

(“Found for CHF3 prepared AlF3. 

d, A0) 
. L566 - 

Pore Volume 
The pore volumes of the HCF3 prepared All-"'3 sam 

ples were found to decrease with decreasing surface 
area (see Tables HA and 113); Since the H20 wettabili 
ties of these samples were all found to be, near 0.3 
cc/gm, a large fraction of the total fadsorptive capacity" 
must be associated with macropores (pore diameters‘ 
greater than 1200 A). The average pore diameter within 
the 1200 A and less vrange was found to be between 
80-100 This situation can be contrasted with a typi 
cal 'y-Al2O3 in which at least 95% of the. total pore 
volume is" associated with pores'having diameters less" 
than 1200 A. The average pore diameter of the starting 
178 mZ/gm 'y-Al2O3 is near 70-75 A. 
The physical- form ~ and surface characteristics‘ of 

HCF3 prepared All-73 suggests potential application as a 
catalyst. support. The self-supporting’ 'extru'dateforr'n 
would allow usage in a ?xed-bed operation. An active 
metal component supported on AlFj'wou'ld reside pri 
marily on the surface since the pore volume is mainly' 
composed of pores with diameters greater than 1200 A. 
The latter situation may be desirable in catalytic opera 
tions where pore blockage and/or diffusion limitations 
may-be present. . " '_ ' > 

\ ‘ Acidity ’ , l Acidity measurements were performed by titration‘of 

solid AlF3 catalysts with standardized n-butylamine/ 
benzene solutions at room temperature using a series of 
Hammett Indicators. The results of these studies are 
summarized in‘Table IV. An anthraquinone indicator‘ 
(Ho; —8.2) was not converted by any of the 90% and 

‘ higher AlF3' catalysts into/its acid form. Thus, none of 
these materialscontain acid .sites equivalent to 90% 
H2804. AlF3'-Al2O3. catalysts containing relatively 
small quantities ofzAlFg, 3.3 and 24.6%, respectively, 
have been reported in the literature to possess 
Hoé -5.6 (equivalentto 71% H2504) acid sites. These 
acidic sites disappear, however, at higher AlFgconcen 
trations. At still higher AIF; concentration studies re 
ported in the literature only H0§-3.0 (equivalent to 
48% H2804) acid sites were found. The higher number 
ofacidic sites exhibited by the lower wt. % AlF3 cata 
lysts reported in the literaturemay be associated with-an 

4 unreacted A1203 component. AlF3 catalysts containing 
greater than 90 wt. % AlF3 (prepared by either aqueous 
or gaseous HF treatment of A1203) have been reported 
to be devoid of acid sites equivalent to 48% H2504. The 
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25-100% AlF3 catalysts prepared in this study using 
CHF3 are considerably more acidic than the literature 
MP3 and AlFg-Al203 catalysts listed in Table IV. The 
differences in acidity between these various AIF; prepa 
rations is especially apparent when compared on a m2 
basis. The retention of acidity in the HCF3 prepared 
AlF3 catalysts would not be predicted from the results 
reportedin the literature. 
The Hammett acidity pro?le of ‘Y-Alz03 is included in 

Table IV for comparative purposes. It is apparent that 
CHF3 prepared MP3 and partially ?uorinated A1203 
retain much higher acidities than conventionally ?uori 
nated A1203. Thus, HCF; prepared AlF3 extrudates and 
aluminum oxy?uorides of the instant invention would 
be predicted to be much better solid acid catalysts than 
materials of the sme ?uorine content prepared by con 
ventional fluoriding procedures. The acidity advantage 
predicted for HCF3 prepared ?uorided aluminas, when 
compared toaluminas ?uorided with aqueous HF is 
clearly demonstrated in FIG. 1 where cyclohexene 
isomerization activities are compared. The differences 
in isomerization activity are especially apparent at 
higher ?uorine levels where the HCF3 ?uorinated alu 
vminas are markedly superior catalysts. 

TABLE IV 
ACIDITIES 01-" A SERIES OF 

HCF; FLUORINATED ALUMINAS 
Acidity?: 25 umole/gm! pKa Acidity 

% AIF; -_<- -s.2<"> § —5.6('’) g - 3.0“) (“moles/m2) 

0 32s 32s 475 2.7 
3.46 " 32s 37s 375 2.1 
6.86 300 375 375 2.2 
13.3 275 32s 32s - 2.0 
25.4 275 32s 325 2.2 
46.1 175 ‘ 22s 225 2.4 
63.5 125 17s 175 2.2 
78.2 75 12s 125 2.7 
95 o o 66 i 12 2.8 
90 o o 140 i 12 2.8 
100 0 2s 2s 2.3 
3.30’) o 140 300 t 3.1 
24.6“) I 0 90 160 3.1 
5115(4) 0 o 60 1.4 
71.40’) 0 0 30 0.7 
90M 0 0 0 0 
94w 0 0 0 o 

(")Anthraquinone indicator (acidic form requires 90% H1504). 
@Benzolacetophenone indicator (acidic form requires 71% H2504). 
Dicinnamalacetone indicator (acidic form requires 48961-12504). 

mNlhF treated M203 (literature technique). 
(“Aqueous HF treated M203 (literature technique). 
<AAqueoua HF treated M203 (literature technique). 

Fluoridation of MgO 

Dry MgO (187 mZ/gm) samples were reduced under 
20% Hz/He (500 cc/min) at 500° C. for 1.0 hr and then 
purged with He (500 cc/min) at 500° C. for 0.5 hr. The 
pretreated MgO samples were then treated with HCF3 
as follows (see Table V): 

TABLE V 
HCF3 FLUORIDATION OF MgO 

MgO HCF3 He T t Product Wt 15m} MgFz BET 
(gm) (cc/min) (cc/ min) (°C.) (min) (Theo) (found) (%) (mZ/gm) 

A 5.0 49.7 199 500 60 7.7 7.4 I00 l2 
B 5.0 49.9 200V 450 60 7.7 7.2 I00 19 
C 5.0 49.6 200 500 I5 6.0 5.8 5] 90 
D 5.0 49.7 200 500 7.5 5.5 5.3 28 I14 
E 5.0 24.9 200 500 7.5 5.3 5.2 15 I30 
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The results summarized in the Table V clearly shows 
that the reaction of MgO with HCF3 producing MgFz is 
essentially quantitative. The essentially fully ?uorinated 
samples (A) and (B) exhibit x-ray diffraction lines of 
MgFz only, no unreacted MgO was detected. Samples 
(A) and (B) possess relatively high BET surface areas as 
commercially available MgF1 samples display BET 
surface areas of less than 5.0 m2/ gm. MgFg because of 
its high thermal stability, chemical inertness and high 
intrinsic acidity is useful in a wide variety of hydrocar 
bon conversion reactions which are catalyzed by acidic 
solids. Such conversions would include catalytic crack 
ing, and hydrocarbon isomerization. MgFz as well as 
‘partially ?uorinated MgO (samples C-E) are useful as 
supports for Group VIII-metal catalysts. Such catalysts 
possessing both metal and acidic functions are useful in 
a wide variety of hydrocarbon conversion reactions. 
Examples of such conversions would include naphtha‘ 
reforming, hydrocracking, xylene isomerization, ole?n 
and aromatic hydrogenation, etc. 

Fluoridation of Ti02 
Dry TiOz is readily fluorinated to TiOF; using HCF3.‘ 

The following example serves to illustrate the transfor 
mation: 1.0 gm of dry TiOz was treated with 20% 
HCF3/He (250 cc/min) at 550° C. for 1.0 hr. The crude 
reaction product was analyzed by x-ray diffraction and 
was found to contain 45-50% TiOFg. 

Fluoridation of Ta2O5 

Dry Ta2O5 is readily ?uorinated to TaOzF using 
HCF3. The following example serves to illustrate the 
transformation: 3.0 gm of Ta2O5 was allowed to react 
with 20% HCFg/He (250 cc/min) at 550° C. for 2.0 hrs; 
The crude product was analyzed by x-ray diffraction 
and was found to contain 50—60% TaOgF. 

Fluoridation of U0; 

HCF3 has been found to smoothly convert U02 to 
UF4 within the temperature range 350°—700° C. The 
rate of ?uoridation in a given time period increasing 
with increasing temperature. The following example 
serves to illustrate the process. A 100 mg sample of 
U0; was reduced under 20% Hz/He (500 cc/min) at 
700° C..for 2.0 hours and then treated with 50 cc 
HCF3/min._ at 410° C. for 1.0 hour. An x-ray diffraction 
pattern of the crude product indicated 20—30% conver 
sion of U0; into UF4. The direct ?uoridation of U0; 
demonstrated above ?nds utility in the separation of 
uranium from crude oxide ores. 

Fluoridation of Mixed-Metal Oxides 

Mixed-metal oxides such as TiO2/Al2O3, TiOZ/SiOZ, 
Ta2O5/ A1103, Ta1O5/SiO2, Nb205/ A1203, TiO2/— 
Ta2O5, TiO2/Nb2O5, MgO/AIZO3, MgO/SiOz, SiOz. 
/Al2O3, NO3/Al2O3, NO3/SiO2 and ZrO2/Al2O3 

. which are readily prepared by conventional coprecipi 
tation techniques are readily ?uorinated with HCF3. As 
an example consider the following: 5.0 gm of a dry 12% 
Ta2O5/ A1203 mixed-metal oxide was reduced at 500° C. 
using 20% Hz/He (500 cc/min) and then allowed to 
react with 20% HCF3/He (250 cc/min) at 500° C. for 
15 mins. The product incorporated a substantial quan 
tity of ?uorine as the product was found to weigh 5.9 
gms. The crude product displayed x-ray diffraction 
lines due to AlF3 and TaOZF phases as well as unreacted 
A1203 and Ta2O5. Other mixed-metal oxides behave 
similarly. Because of their high activity partially ?uori 
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nated mixed-metal oxides are useful in acid catalyzed 
hydrocarbon conversion reactions such as catalytic 
cracking and isomerization. Partially fluorinated mixed 
metal oxides also have utility as supports for Group 
VIII-metal catalysts which are useful in a wide variety 
of hydrocarbon conversion reactions such as naphtha 
reforming, ole?n and aromatic hydrogenation, paraffin 
isomerization, xylene isomerization, hydrocracking, 
etc. 

Special Fluoridation of A1203 With HCF3 
It has been stated in GB No. 969863 that freons are 

ineffective fluoriding agents in thepresence of a reduc 
ing atmosphere such as H1. We have shown that A1103 
is readily ?uorinated with HCF3 in the presence of H2. 
Consider the following example. 

HCF3 H2 Product BET 
A1203 (cc/ (cc/ T t wt (gm) AIF; (ml/ 
(gm) min) min) (°C.) (min) theo found (%) gm) 
20.0 50 200 500 I80 32.9 31.0 100 I2 

An x-ray diffraction pattern of the product was devoid 
of any A1203 lines. Thus essentially complete ?uorida 
tion has been affected in the presence of hydrogen. 
What is claimed is: 
l. A process for the preparation of metal oxy?uorides 

of the formula: 

wherein M is a metal selected from the group consisting 
of sodium, potassium, lithium, cesium, magnesium, cal 
cium, barium, strontium, tin, antimony, bismuth, tita 
nium, zirconium, vanadium, chromium, manganese, 
iron, cobalt, rhodium, mercury, nickel, copper, silver, 
zinc, cadmium, lead, uranium, europium, indium, lute 
tium, neodymium, thallium, silicon, niobium, hafnium, 
tantalum, molybdenum, rhenium, tungsten, osmium, 
iridium, lanthanum, technetium and ruthenium and mix 
tures thereof, 2 is a number satisfying the valence re 
quirements of the metal and y is a number satisfying the 
valence requirements of the metal, which comprises 
reacting a metal oxide selected from the group consist 
ing of the oxides of the metals recited‘above with a 
?uorocarbon selected from the group consisting of 
CH4_QFQ wherein Q is 1 to 3 and partially and totally 
?uoridated C2-C6 alkanes, alkenes, alkynes and C5-C6 
cyclic alkenes wherein the metal oxide and the ?uoro 
carbon are contacted at a temperature of from about 
300° to about 800° C. at a ?uorocarbon partial pressure 
of from about 0.001 to about 1 atmosphere for a time 
sufficient to effect the desired degree of conversion of ' 
the metal oxide into the metal oxy?uoride. 

2. The process of claim 1 wherein the fluorocarbon is 
selected from the group consisting of CH4_QFQ 
wherein Q is 1 to 3, straight and branch chain C2-C6 
fluorocarbons of the general formula 

CAH2A+2-BFB 

wherein A is an integer ranging from 2 to 6 inclusive 
and B is an integer ranging from I to 14 inclusive, and 
cyclic ?uorocarbon of the formula 
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wherein X is 5 or 6 and C is an integer ranging from 1 
to 12. 

3. The process of claim 1 wherein the metal oxide is 
selected from the group consisting of the oxides of tita 
nium, magnesium, uranium, tantalum, tungsten, nickel, 
cobalt and molybdenum. 

4. The process of claim 1 wherein the metal oxide is 
selected from the group consisting of the oxides of tung 
sten. 

5. The process of claim 1 wherein A ranges from 2 to 
3. 

6. The process of claim 1 wherein the fluorocarbon is 
tri?uoromethane. 

7. The process of claim 1 wherein the metal oxide is 
further in admixture with alumina. 

8. The process of claim 1 wherein the metal oxide is 
titania and the ?uorocarbon is tri?uoromethane. 

9. The process of claim 1 wherein the temperature 
ranges from about 300° to about 600° C. 

10. The process of claim 1 wherein the temperature 
ranges from about 350“ to about 550° C. 

11. The process of claim 1 wherein the ?uorocarbon 
partial pressure ranges from about 0.1 to about 1 atmo 
sphere. 

12. Metal oxy?uorides of the formula: 

wherein M is a metal selected from the group consisting 
of sodium, potassium, lithium, cesium, magnesium, cal 
cium, barium, strontium, tin, antimony, bismuth, tita 
nium, zirconium, vanadium, chromium, manganese, 
iron, cobalt, rhodium, mercury, nickel, copper, silver, 
zinc,~cadmium, lead, uranium, europium, indium, lute 
tium, neodymium, thallium, silicon, niobium, hafnium, 
tantalum, molybdenum, rhenium, tungsten, osmium, 
iridium, lanthanum, technetium and ruthenium and mix 
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14 
tures thereof, Z is a number satisfying the valence re 
quirements of the metal and y is a number satisfying the 
valence requirements of the metal prepared by reacting 
a metal oxide selected from the group consisting of the 
oxides of the metals recited above with a ?uorocarbon 
selected from the group consisting of CH4_QFQ1whm,-,, 
Q is l to 3 and partially and totally ?uoridated C2-C6 
alkanes, alkenes, alkynes and C5-C6 cyclic alkanes 
wherein the metal oxide and ?uorocarbon are contacted 
at a temperature of from 300° to 800° C. at a' ?uorocar 
bon partial pressure of from 0.001 to 1 atmosphere for a 
time suf?cient to effect the desired degree of conversion 
of the metal oxide onto the metal oxy?uoride. 

13. The metal oxy?uoride prepared as in claim 12 
wherein the ?uorocarbon is selected from the group 
consisting of ?uoroform, straight and branch chain 
C2-C6 ?uorocarbons of the general formula: 

wherein A is an integer ranging from 2 to 6 inclusive 
and B is an integer ranging from 1 to 14 and cyclic 
?uorocarbons of the formula 

wherein X is 5 or 6 and C is an integer ranging from 1 
to 12. 

14. The metal oxy?uorides of claim 12 wherein M is 
selected from the group consisting of tungsten, nickel, 
cobalt and molybdenum. 

15. The metal oxy?uorides of claim 12 wherein M is 
tungsten. 

16. The metal oxy?uorides of claim 12 wherein the 
enumerated metal oxides are further in combination 
with alumina. 

* * * * * 


